The β-carboline alkaloids possess a wide diversity of important biochemical effects and pharmacological properties. A series of β-carboline derivatives were synthesized from L-tryptophan through the Pictet-Spengler reaction and oxidation of K 2 Cr 2 O 7 by a sequential one-pot synthesis method. In vitro anti-bacterial, insecticidal, and cytotoxic activities of all synthesized compounds were investigated by the tablet diffusion, leaf disc, and MTT methods, respectively. Some of the compounds (1-1, 1-2, 1-3 and 1-12) exhibited obvious anti-bacterial effects and some (1-3) had significant cytotoxic activities against tumor cells 3LL, MCF-7, BGC-823 and QGY-7701, with IC 50 values of 7.79, 5.75, 3.53 and 4.02 µg/mL, respectively. No insecticidal activity against third stage instar larvae of Mythimna separata Walker were observed under the tested concentration.
β-Carboline alkaloids are a large group of naturally occurring and synthetic indole alkaloids with different degrees of aromaticity, many of which are widespread in nature, such as in plants [1] , marine organisms [2] , insects [3] , and mammals [4] . Recently, these compounds have attracted considerable attention due to their interesting biological and pharmaceutical properties, for example, interacting with benzodiazepine receptors [5] , intercalating into DNA [6] , and inhibiting CDK [7] , and topoisomerase [8] .
Harmine, harmaline, and harman are the most representative β-carboline alkaloids, which were originally isolated from seeds of Pegannum harmala L., the total alkaloids from which were studied for many kinds of bioactivities. However, only few papers are available about their application as agrochemicals [9] [10] [11] [12] . As a result, a series of β-carboline derivatives have been synthesized through a concise one-pot reaction with the well-known Pictet-Spengler reaction as the main step, followed by oxidation and decarboxylation with K 2 Cr 2 O 7 [13] . The in vitro antibacterial, insecticidal and cytotoxic activities of these compounds have been investigated. Twelve β-carboline alkaloid derivatives were synthesized from L-tryptophan and corresponding aldehydes with Pictet-Spengler condensation as the key step, followed by oxidation with K 2 Cr 2 O 7 through a concise, sequential, one-pot synthetic method ( Figure  1 ). To our surprise, compounds 1-12 were obtained when formaldehyde was reacted with L-tryptophan, followed by oxidation ( Figure 2 ). This may be because formaldehyde, which has neither electron donating groups nor steric hindrance, is highly reactive for nucleophilic reactions. To confirm this hypothesis, 1-1 was subjected to formalin under acidic conditions and, just as expected, 1-12 was detected by ESI-MS and TLC.
All the synthesized compounds (1-1 -1-12 shown in Figure 3 ) were tested for insecticidal, antimicrobial and antitumor activities at 5000, 1000 and 50 ppm, respectively. Unfortunately, none of the tested compounds showed obvious insecticidal or anti-feeding activities against 3rd stage instar larvae of Mythimna separata Walker under the tested concentration.
The cytotoxic potential of all the synthesized compounds was evaluated in vitro against four tumor cell lines (3LL, MCF-7, BGC-823, QGY-7701), with a primary concentration of 50 µg/mL, which was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT). As shown in Figure 4 , all the compounds caused inhibition (except 1-3, 1-5 and 1-12) that was less than 30% at 50 µg/mL, while compounds 1-3, 1-5, and 1-12 possessed significant cytotoxic activity with IC 50 values that were all lower than 20 µg/mL ( Figure 4 ). Of these three, compound 1-3, with an ethyl group at the 1-position, Table 1 ). Compounds 1-5 and 1-12 displayed pronounced activity against B. cereus, with inhibition zones of 21 mm (++) and 19 mm (++), respectively. Compounds 1-3, 1-10 and 1-11 showed only moderate activity, and the others exhibited low activity against both Gram-positive and Gram-negative bacteria. Compared with the saturated aliphatic aldehyde derivatives (1-1 -1-5), the activities became lower with the extension of the carbon chain. An isometric aldehyde with a side chain benefits the activity, since the activity of 1-5 was higher than 1-4. Preparation and bioactivity of β-carboline derivatives Natural Product Communications Vol. 5 (10) 2010 1593
The introduction of ortho-substituted benzaldehyde decreased the activity sharply, since no activity of compounds 1-6 -1-9 was detected. However, hydroxysubstituted benzaldehyde derivatives (1-10 and 1-11) showed moderate activity, so it was speculated that the hydroxyl group played the most important role in the antibacterial activity of these compounds. Compound 1-12, with a hydroxyl group and the shortest carbon chain, possessed the highest antibacterial activity, which supports this speculation.
Experimental
General: Melting points were measured on an electrothermal digital apparatus (Beijing) and were uncorrected. NMR spectra were obtained on a Bruker Avance 500 MHz (500 MHz for 1 H and 125 MHz for 13 C ) spectrometer with DMSO-d6 as solvent and TMS as internal standard. ESI-MS was carried out with a Thermo LCQ LC/MS instrument. Elemental analyses were carried out on an Elementar Vairo EL analyzer. Analytical TLC was carried out on pre-coated plates of silica gel. Yields were not optimized.
General procedure for the synthesis of β-carboline alkaloids 1-1 -1-5 and 1-12:
A mixture of Ltryptophan (2.04 g, 10 mmol) and formaldehyde (37%, 3 mL) was added to 40 mL distilled water in a 100 mL loosely-stoppered flask. The mixture was then stirred for 10 mins at ambient temperature before 1 mL 0.5 M aqueous sulfuric acid solution was added and the mixture stirred overnight. When the reaction was complete (checked by TLC), without further separation, 8 mL glacial acetic acid and potassium dichromate (5.88 g, 20 mmol) were added and the mixture was stirred under reflux in an air atmosphere. After about 10 mins, the reaction was complete (checked by TLC), and then sodium sulfite was added to remove the excess potassium dichromate, and solid sodium carbonate was added to make the mixture neutral. After filtration, the solution was extracted with ethyl acetate (3×70 mL). The organic extracts were combined, washed with water and then saturated NaCl solution, dried over Na 2 SO 4 , and concentrated under vacuum. The concentrated mixture was subjected to silica gel CC, eluting with a mixture of light petroleum and ethyl acetate (1:1, v/v) to give compounds 1-1 and 1-12. Compounds 1-2 -1-5 were obtained through a similar procedure.
General procedure for the synthesis of compounds 1-6 -1-11: To a solution of L-tryptophan (2.04 g,10 mmol) in 20 mL of refluxing glacial acetic acid in a 50 mL flask under an air atmosphere, a mixture of the appropriate aldehyde (10 mmol) in 10 mL acetic acid was slowly added. The solution was heated at refluxing temperature until the reaction was complete (checked by TLC). Without work-up, potassium dichromate (5.88 g, 20 mmol) in 20 mL distilled water was added. After about 10 mins the reaction was complete (by TLC detection). Later the mixture was treated in a similar manner to that described for 1-1 -1-5 to afford 1-6 -1-11.
(1-1) 9H-Pyrido[3,4-b]indole [14] MP: 190-192ºC. 1 (1 -5) 1-isopropyl-9H-pyrido[3,4-b] indole [18] MP:141-143ºC. 1 (1-12) (9H-Pyrido[3,4-b] indol-9-yl)methanol [22] MP:142-144ºC. 1 Insecticidal assay: Compounds 1-1 to 1-12 were dissolved in methanol at a concentration of 5 mg/mL, with methanol itself being the negative control. The average larval weight of the 3rd instar Mythimna larvae at the time of treatment was 6.3 (± 0.5) mg. Fresh wheat leaf discs (6 mm diameter) were moistened with the test compound solution in methanol (5000 ppm) and leaf discs containing 50 μg test compound per disc were prepared. The 3rd stage instar larvae of Mythimna were fed with the discs for 2 h. The areas eaten were measured under a binocular microscope by counting 1mm squares exposed when the partially eaten disc was placed on a circle, the exact size of which was drawn on mm-ruled paper. After 24 h, the number of knockdown or dead larvae was recorded [23] .
